Objective: We aimed to investigate whether the efficacy and safety of clopidogrel plus aspirin vs aspirin alone were consistent between patients with and without intracranial arterial stenosis (ICAS), in the Clopidogrel in High-Risk Patients with Acute Non-disabling Cerebrovascular Events (CHANCE) trial.
Previous trials indicated that clopidogrel plus aspirin might be more effective than aspirin alone in reducing microembolic signals in patients with ischemic stroke due to carotid or intracranial arterial stenoses (ICAS). 1, 2 However, whether such dual antiplatelet therapy could be more effective in reducing the risk of recurrence in stroke patients with ICAS is still uncertain.
The risk of recurrent stroke was reduced by dual antiplatelet therapy of clopidogrel and aspirin, as compared with aspirin alone, among all the Chinese patients with acute noncardioembolic minor stroke or high-risk TIA enrolled in the Clopidogrel in High-Risk Patients with Acute Non-disabling Cerebrovascular Events (CHANCE) trial. 3 However, there were concerns that the positive findings in CHANCE might be attributable to the fact that the rate of ICAS in the study population in China is higher than that in Western populations. 4, 5 Thus, in this subgroup analysis, we aimed to investigate whether the efficacy and safety of clopidogrel plus aspirin vs aspirin alone were consistent among the subgroups of patients with and without ICAS in the CHANCE trial, so as to establish the generalizability of the findings of the CHANCE trial.
METHODS Primary research question. Were the effects of clopidogrel plus aspirin vs aspirin alone in reducing stroke recurrence and leading to bleeding events different between patients with and without ICAS in the CHANCE trial? The current subgroup analysis of the CHANCE trial provides Class II evidence that the effects of clopidogrel plus aspirin vs aspirin alone in reducing the risk of any stroke recurrence were not significantly different between patients with and without ICAS (hazard ratio [HR] 0.79 [0.47-1.32] vs 1.12 [0.56-2.25]; interaction p 5 0.522) in the CHANCE trial; in addition, the effects of the 2 antiplatelet therapies on any bleeding event were not statistically different ( Overview of the CHANCE trial. The detailed design and methods of the CHANCE trial (ClinicalTrials.gov identifier NCT00979589) have been previously described. 3, 6 It was a randomized, double-blind, placebo-controlled clinical trial conducted at 114 centers in China to test the effects of clopidogrel plus aspirin vs aspirin alone on reducing the 90-day risk of any stroke (ischemic or hemorrhagic) when initiated within 24 hours of symptom onset in high-risk patients with acute minor stroke or TIA.
Standard protocol approvals, registrations, and patient consents. The CHANCE trial was approved by the ethics committee at each study center. All of the participants or their legal proxies provided written informed consent. 3 Patients were recruited to CHANCE if they met the following criteria: (1) older than 40 years; (2) diagnosed with acute minor ischemic stroke (NIH Stroke Scale score of 0-3) or moderate-to high-risk TIA (ABCD 2 score of $4) at the time of randomization; (3) able to initiate the study medications within 24 hours of ictus; and (4) able to provide written informed consent. All eligible patients were randomly assigned to either of the 2 treatment groups with a double-blind, double-dummy design: the clopidogrel plus aspirin group and the placebo plus aspirin group. Patients in the dual antiplatelet group were treated with clopidogrel plus aspirin for the first 21 days, and clopidogrel alone on days 22 through 90. Patients in the mono-antiplatelet group were treated with placebo plus aspirin for 90 days. 3 Efficacy and safety outcomes of the CHANCE trial. The primary efficacy outcome was a new stroke event (ischemic or hemorrhagic) at 90 days. 3 Secondary efficacy outcomes included a new clinical vascular event at 90 days (ischemic stroke, hemorrhagic stroke, myocardial infarction, or vascular death), analyzed as a composite outcome and individual outcomes as well, and modified Rankin Scale score at 90 days, dichotomized as favorable and poor functional outcomes with scores of 0-2 and 3-6, respectively. Primary safety outcome was a moderate to severe bleeding event at 90 days, as per the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) definition. 7 Other safety outcomes included mild bleeding by the GUSTO definition, 7 and any bleeding event. The detailed definitions of all the efficacy and safety outcomes have been previously described. 3 Patient screening for the current subgroup analysis. Patients recruited to the CHANCE trial who underwent baseline magnetic resonance examinations (3.0 or 1.5 tesla) with the following sequences were analyzed in the current subgroup analysis: T1weighted imaging, T2-weighted imaging, diffusion-weighted imaging, and 3-dimensional (3D) time-of-flight magnetic resonance angiography (MRA). Those without baseline magnetic resonance examinations or without any of the sequences as mentioned above were excluded from the current subgroup analysis (figure e-1 on the Neurology ® Web site at Neurology.org).
Image analysis and interpretation. All MRIs were collected from individual centers in digital format and were read centrally by 2 readers (Xinying Zou and J.J.) who were blinded to patients' baseline and outcome information. Presence of ICAS was defined as 50% to 99% stenosis (Warfarin-Aspirin Symptomatic Intracranial Disease trial criteria 8 ) or occlusion of at least one of the following arterial segments on maximum intensity projections of 3D time-of-flight MRA: intracranial portion of internal carotid arteries, middle cerebral arteries (M1/M2), intracranial portion of vertebral arteries, and basilar artery. For each potential ICAS lesion, disagreement in the degree of stenosis of .10% was resolved by consulting with a third reader. The intra-and interrater reliabilities of detecting ICAS on MRA images at the reading center were previously tested, which were 0.793 and 0.815, respectively. 9 Statistical analysis. In the current subgroup analysis of the CHANCE trial, efficacy analyses were performed in the intention-to-treat population, including all patients randomized to either treatment group. Safety analyses were performed in the on-treatment population, including all patients who received $1 dose of a study drug. Since every individual randomized in the CHANCE trial had at least one study drug, the intention-totreat population was equal to the on-treatment population in this subgroup analysis. All statistical analyses were performed using SAS software (version 9.3; SAS Institute, Cary, NC). Two-sided p values ,0.05 were considered statistically significant.
Baseline characteristics were compared between patients with and without ICAS (regardless of treatment allocation), using x 2 tests and Wilcoxon rank sum tests for categorical and continuous variables, respectively. The rates of primary and secondary efficacy and safety outcomes at 90 days were also compared between patients with and without ICAS by using x 2 tests. Cox proportional hazards regression was performed with the presence of ICAS as the sole covariate, to obtain the HRs and 2-sided 95% confidence intervals (CIs) of presence of ICAS for the primary efficacy outcome of any stroke and the safety outcome of any bleeding, regardless of the treatment allocation.
Cox proportional hazards regression was also performed with treatment (clopidogrel plus aspirin, or placebo plus aspirin), presence of ICAS, and the treatment by presence of ICAS interaction as covariates, to test the interaction between the differential effects of dual vs mono-antiplatelet therapies on the primary efficacy outcome (any stroke) among patients with and without ICAS. The time to the primary efficacy outcome event for each group was presented by the Kaplan-Meier curves. The interactions of treatment by presence of ICAS on secondary efficacy outcomes and safety outcomes as mentioned above were also assessed. Estimates and 2-sided 95% CIs of the HRs of clopidogrel plus aspirin vs aspirin alone for efficacy and safety outcomes were respectively presented for patients with and without ICAS.
Classification of evidence. The current subgroup analysis of the CHANCE trial provides Class II evidence that the effects of clopidogrel plus aspirin vs aspirin alone in reducing the risk of stroke recurrence and leading to bleeding events were not significantly different between acute minor stroke or TIA patients with and without ICAS identified by MRA in the CHANCE trial. The study lacks the precision to exclude important differences between clopidogrel plus aspirin and aspirin alone in these subgroups.
RESULTS

Patient demographics and baseline
characteristics. Among the 5,170 patients recruited to CHANCE between October 2009 and July 2012, 1,089 patients at 45 centers undergoing magnetic resonance examinations at baseline with all the sequences as required were included in this subgroup analysis (figure e-1). With each of these patients having at least one study drug, the intention-to-treat population was equal to the on-treatment population in this subgroup analysis (n 5 1,089; figure e-1). Baseline characteristics of patients in the CHANCE trial with and without the magnetic resonance sequences as described above who were included in this subgroup analysis or not were basically similar, except that patients included in this subgroup analysis were slightly older, had higher systolic blood pressure, lower body mass index, and longer time to randomization, fewer of them had prior ischemic stroke, and more of them had minor stroke as a qualifying event (table e-1). In addition, the rates of using antihypertensive and lipid-lowering medications at baseline were higher in patients included in the current study (table e-1). Among the 1,089 patients included in the current subgroup analysis, 481 (44.2%) had ICAS of at least one of the intracranial arterial segments as mentioned above as detected on time-of-flight MRA, while 608 (55.8%) did not have ICAS. Of the 1,089 patients, 531 (48.8%) and 558 (51.2%), respectively, were allocated to receive clopidogrel plus aspirin and placebo plus aspirin. Patients with ICAS were older and more of them had prior ischemic stroke, TIA, and diabetes compared with those without ICAS (table 1) . Other baseline characteristics were not significantly different between those with and without ICAS.
Efficacy outcomes. Overall, 93 patients (8.5%) in the current subgroup analysis had a primary efficacy outcome of recurrent stroke at 90 days. More patients with ICAS than those without had a primary efficacy outcome (12.5% vs 5.4%; p , 0.0001) at 90 days (table 2), and the incidence of event over time was significantly higher in patients with ICAS than in those without (HR 2.39, 95% CI 1.57-3.66; p , 0.0001), regardless of treatment allocation. The effects of dual and mono-antiplatelet therapies in preventing recurrent stroke were not significantly different among the patients included in the current subgroup analysis, irrespective of the presence of stenosis (HR 0.86, 95% CI 0.57-1.30; p 5 0.481). Moreover, there was no statistically significant evidence for the existence of the treatment by presence of ICAS interaction on the primary outcome of any stroke, with HRs for clopidogrel plus aspirin vs aspirin alone in patients with and without ICAS, respectively, being 0.79 (95% CI 0.47-1.32) and 1.12 (95% CI 0.56-2.25) (interaction p 5 0.522; figures 1 and 2). For secondary efficacy outcomes, more patients with ICAS had a composite efficacy outcome, ischemic stroke, and poor functional outcome (modified Rankin Scale score 3-6) at 90 days compared with patients without ICAS. The rates of all other secondary efficacy outcomes were not significantly different between those with and without ICAS (table 2). The efficacy of clopidogrel plus aspirin compared with aspirin alone on each of the secondary efficacy outcomes was not statistically significant between patients with and without ICAS (figure 2). Safety outcomes. There was no moderate bleeding event in either treatment group. Thus, the rates of the primary safety outcome of moderate to severe bleeding events at 90 days equaled the rates of severe bleeding events, which were both extremely low in patients with and without ICAS at, respectively, 0.21% and 0.16% (table 2) . There was no statistically significant evidence for the interaction on the effects of clopidogrel plus aspirin vs aspirin alone on moderate and severe bleeding events among patients with and without ICAS ( figure 3) .
The rates of the safety outcome of any bleeding at 90 days were not significantly different between those with and without ICAS (1.9% vs 2.3%, p 5 0.623; table 2). The incidences of any bleeding event over time were not significantly different between those with and without ICAS (HR 0.75, 95% CI 0.31-1.78; p 5 0.508) regardless of treatment allocation. The effect of clopidogrel plus aspirin compared with aspirin alone on any bleeding was not statistically different between patients with (HR 2.83, 95% CI 0.57-14.11) and without ICAS (HR 1.02, 95% CI 0.35-2.97; interaction p 5 0.277; figure 3 ). For the rates of mild bleeding at 90 days, there was no significant difference between patients with and without ICAS (table 2). The effect of clopidogrel plus aspirin compared with aspirin alone on mild bleeding was not statistically significant between patients with and without ICAS ( figure 3) . DISCUSSION In this subgroup analysis of the CHANCE trial, we found that patients with ICAS had higher rates of recurrent stroke and poor functional outcome at 90 days than patients without ICAS, consistent with previous findings. 9,10 However, we did not identify any statistically significant treatment by presence of ICAS interaction on the efficacy and safety of clopidogrel plus aspirin vs aspirin alone among patients with and without ICAS in the CHANCE trial. Patients with ICAS were older and more had histories of stroke, TIA, and diabetes than those without ICAS in the current study, which were well established in previous studies. 11 However, the different compositions of patients with and without ICAS regarding age and histories of stroke, TIA, and diabetes probably would not interfere with the analysis of the effects of the 2 antiplatelet therapies in the current study, based on our previous findings that there were no significant interactions in subgroups of patients in the CHANCE trial dichotomized by these specific factors. 3 Doubts had aroused that the positive beneficial effects of dual antiplatelets documented in the CHANCE trial might be partly attributable to the unique profile of distribution of cervicocerebral large artery diseases among ischemic stroke patients in China, in contrast to that among Western populations. 4, 5 For instance, for patients with established vascular diseases or multiple vascular risk factors, Forest plot for intention-to-treat analyses of the efficacy outcomes at 90 days Intention-to-treat analyses showed no statistically significant treatment by presence of ICAS interaction on the effects of clopidogrel plus aspirin vs aspirin alone in the primary outcome of any stroke at 90 days (interaction p 5 0.522), or other efficacy outcomes. Composite efficacy outcome indicated any new clinical vascular events including ischemic stroke, hemorrhagic stroke, myocardial infarction, or vascular death. CI 5 confidence interval; HR 5 hazard ratio; ICAS 5 intracranial arterial stenosis; NA 5 not applicable.
the previous 2 large, multicenter, randomized clinical trials, Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance (CHARISMA) and Secondary Prevention of Small Subcortical Strokes (SPS3), did not show any significant beneficial effects but showed increasing bleeding risk of clopidogrel plus aspirin compared with aspirin alone as mentioned above. 12, 13 However, the different results between CHANCE and CHA-RISMA and SPS3 may be possibly explained by the different onset-to-treatment intervals and the inclusion of lacunar stroke patients who are at higher risk of bleeding (SPS3). 14 As for the effects of clopidogrel plus aspirin vs aspirin alone in acute ischemic stroke or TIA patients early after ictus, we have recently performed a systematic review and meta-analysis. 14 Among the 5 published trials with at least a portion of the patients initiating antiplatelet treatment within 3 days of symptom onset (Clopidogrel and Aspirin for Reduction of Emboli in Symptomatic Carotid Stenosis, 1 CHARISMA, 12 Fast Assessment of Stroke and TIA to Prevent Early Recurrence, 15 Clopidogrel Plus Aspirin Versus Aspirin Alone for Reducing Embolization in Patients with Acute Symptomatic Cerebral or Carotid Artery Stenosis, 2 and CHANCE 3 ), only the CHANCE trial showed significant reduction in stroke recurrence in those treated with clopidogrel plus aspirin compared with aspirin alone. 14 In addition, we did not identify significant beneficial effects of such dual antiplatelet therapy over aspirin alone in the current subgroup analysis. This was probably because the numbers of patients in the other 4 trials, as well as this subgroup analysis, were underpowered to detect any significant difference between the effects of dual vs mono-antiplatelet therapies.
To our knowledge, the current subgroup analysis was the first to compare the effects of clopidogrel plus aspirin vs aspirin alone initiated early after ictus in secondary prevention of ischemic stroke or TIA patients with and without ICAS. It did not provide statistically significant evidence for the existence of treatment by presence of ICAS interaction on the effects of the 2 treatment strategies in the CHANCE trial. In addition, there were no statistically significant effects of clopidogrel plus aspirin vs aspirin alone in those with and without ICAS according to the current analyses. Therefore, it is unlikely that the overall positive results of the CHANCE trial were driven by the high prevalence of ICAS in Chinese stroke Figure 3 Forest plot for on-treatment analyses of safety outcomes at 90 days On-treatment analyses showed no statistically significant treatment by presence of ICAS interaction on the effects of clopidogrel plus aspirin vs aspirin alone on the safety outcome of any bleeding at 90 days (interaction p 5 0.277), or other safety outcomes. CI 5 confidence interval; GUSTO 5 Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries 7 ; HR 5 hazard ratio; ICAS 5 intracranial arterial stenosis; NA 5 not applicable.
